ABSTRACT: Angiopoietin-like protein 4 (ANGPTL4) is involved in a variety of functions, including lipoprotein metabolism and angiogenesis. To reveal the role of ANGPTL4 in fat metabolism of sheep, ovine ANGPTL4 mRNA expression was analyzed in seven adipose tissues from two breeds with distinct tail types. Forty-eight animals with the gender ratio of 1:1 for both Guangling Large Tailed (GLT) and Small Tailed Han (STH) sheep were slaughtered at 2, 4, 6, 8, 10, and 12 months of age, respectively. Adipose tissues were collected from greater and lesser omental, subcutaneous, retroperitoneal, perirenal, mesenteric, and tail fats. Ontogenetic mRNA expression of ANGPTL4 in these adipose tissues from GTL and STH was studied by quantitative real time polymerase chain reaction. The results showed that ANGPTL4 mRNA expressed in all adipose tissues studied with the highest in subcutaneous and the lowest in mesenteric fat depots. Months of age, tissue and breed are the main factors that significantly influence the mRNA expression. These results provide new insights into ovine ANGPTL4 gene expression and clues for its function mechanism.
INTRODUCTION
ANGPTL4, also known as a fasting-induced adipose factor, which is up-regulated by fasting, is one of the seven members of angiopoietin-like proteins (ANGPTLs). It is involved in angiogenesis and encoded by ANGPTL4 gene. It is secreted by a variety of tissues, mainly by liver and white adipose tissues (WAT), and exists in either native (full-length) form with molecular mass of ~50 kDa (Mandard et al., 2006) or truncated forms both in human and mouse plasma (Mandard et al., 2004; Zhu et al., 2012) . Different forms can result from complex processing, including cleavage, glycosylation and oligomerization of the ANGPTL4 protein, which may be inherent to the cell line/type and species (Grootaert et al., 2012) . In mice, the native form was physically associated with high density lipoprotein, whereas truncated form was associated with low density lipoprotein. In human both native and truncated forms were associated with high density lipoprotein. The truncated ANGPTL4 was found to be associated with adipocyte differentiation in mice, however, only the native form was detected in adipose tissues in human (Mandard et al., 2004) .
ANGPTL4 has been identified as a multifunctional signal protein. Nevertheless, growing evidence indicates that ANGPTL4 mediates the physiological fluctuations of the activity of lipoprotein lipase (LPL), an enzyme responsible for the conversion of triglycerides to monoglycerides and fatty acids from circulating lipoproteins (Dijk and Kersten., 2014) . ANGPTL4 can inhibit the activity of LPL (Georgiadi et al., 2012 ) by disrupting enzyme dimerization to limit extracellular lipolysis. Therefore, higher ANGPTL4 expression results in elevated triglyceride (TG) in plasma (Kadomatsu et al., 2011) and thus can induce obesity, insulin resistance, hyperlipidemia etc. Besides inhibiting LPL, ANGPTL4 also potentiates the actions of catecholamines and glucocorticoids by promoting their effects on cyclic adenosine monophosphate (cAMP) dependent TG hydrolysis in mice under short and long term fasting, respectively (Gray et al., 2012) . The cAMP dependent TG hydrolysis is characterized by transcriptional effects on many genes, including those encoding adipose triglyceride lipase, peroxisome proliferator-activated receptor alpha, peroxisome proliferator-activated receptor gamma coactivator 1-alpha, uncoupling protein-1 (UCP-1), 3-hydroxyacyl-CoA dehydrogenase, diacylglycerol Oacyltransferase homolog 2, hormone sensitive lipase, perilipin, comparative gene identification-58, and ANGPTL4 itself (Mandard et al., 2006; Gray et al., 2012) . ANGPTL4 can promote the intracellular lipolysis by increasing the expression of WAT genes involved in TG hydrolysis (Mandard et al., 2006) . As a result, ANGPTL4 may regulate both extra-and intracellular lipolysis (Gray et al., 2012) .
ANGPTL4 mRNA is expressed in many organs and tissues, highly in WAT, placenta, liver, muscle (Feingold et al., 2012) , pancreas and lung, kidney (Ge et al., 2005) in mice and humans, and slightly in brain, heart and hypophysis in humans (Klopper et al., 2008; Lu et al., 2010) . High expression of bovine ANGPTL4 was found in adipose tissues and liver. Its expression was also detected in gastrointestinal tract (Mamedova et al., 2010) , heart, kidney, hypophysis and skeletal muscle (Mamedova et al., 2010) of cattle. However, no study on expression of ovine ANGPTL4 gene has been reported.
Sheep tails fall into three types: long and short fat-tailed, and lean-tailed. There are significant differences in fat deposition in each type. Our early studies showed that mRNAs of UCP1 (Yuan et al., 2012) , leptin (Lep) and its receptor (LEPR) genes (Liu et al., 2013 ) expressed differentially and spatiotemporally in two breeds with distinct tail types: Guangling Large Tailed (GLT) and Small Tailed Han (STH) sheep. In view of structure differences between species and the essential role in fat metabolism of ANGPTL4 gene, study on the cDNA sequence and expression of ovine ANGPTL4 gene may help us to understand the genetic mechanism of fat metabolism in different sheep breeds. The purpose of this study was to detect the mRNA expression in adipose tissues in the two breeds of GLT and STH based on the full coding sequence of ovine ANGPTL4 submitted to NCBI (GenBank accession number: KF8736131.1) by our research team.
MATERIALS AND METHODS

Tissue sample preparation
Adipose tissues were collected from GLT (Datong, Yuan (2012) .
Total RNA extraction and cDNA synthesis Total RNA from each sample was extracted via Trizol Reagent kit (Invitrogen, Carlsbad, CA, USA) according to the instruction of the manufacturer and detected by 1% agarose gel electrophoresis. The ratio of the absorbance at 260 and 280 nm (A260/280) was used to assess the purity of nucleic acids (for pure RNA A260/280 is 1.8~2.0).
A Prime Script RT reagent kit (Takara Bio Inc, Takara code: DRR036A, Otsu, Shiga, Japan) was used to synthesize single-stranded cDNA from total RNA. The RT reaction was performed in 10 μL of reaction mixture with 0.5 g total RNA. Reverse transcription was performed on a thermal cycler (Bio-Rad, Richmond, CA, USA) by using the following protocol: 37°C for 15 min, and terminated by heating at 85°C for 5 s and cooling at 4°C.
Primer design
Quantitative real-time polymerase chain reaction (QRT-PCR): primers were designed to span an exon-exon boundary based on the coding sequence of ovine ANGPTL4 gene. Ribosomal protein L 13 (RPL13) gene was chosen as house-keeping gene whose primers were designed based on ovine RPL13. All primers were designed by primer 3 plus (http://www.Biowebdb. org/primer3plus/). Primer sequence, PCR product size and annealing temperature are listed in Table 1 .
Quantitative real-time PCR: Relative ANGPTL4 expression was quantified by using the 2 -ΔΔCt method with an ABI Prism 7500 sequence detector (Applied Biosystems) and SYBR Premix Ex TaqTM kit (Takara, Japan), following the manufacturer's instructions. The qRT-PCR procedure was 45 cycles at 95°C for 30 s, 95°C for 5 s and 60°C for 34 s. Dissociation curves were obtained with following procedures: 95°C for 10 s, 60°C for 1 min, then warming up from 60°C to 95°C slowly at the speed of 0.5°C/10 s. All samples and controls were run in tripartite, and the average of tripartite threshold cycle (Ct) values was used in statistical analyses. The Ct values for all samples were normalized against that of RPL13 (Gebhardt et al., 2010) .
Statistical analysis
General linear model was fitted and univariate analysis of variance (ANOVA) was conducted by SPSS17.0 (SPSS Inc., Chicago, IL, USA) to analyze factors influencing the mRNA expression. Breed, gender, tissue and age were included in the following model as the main factors:
where, y ijklm is the mRNA abundance;  the overall mean; B i the i th breed effect (i = 1, 2); G j the j th gender effect (j = 1, 2); T k the k th tissue effect (k = 1, 2, …, 7); M l the l th months of age effect (l = 2, 4, 6, 8, 10, 12) ; BG ij , BT ik , BM il , GT jk , GM jl , and TM kl the relevant two-way interactions; e ijklm the random residue. Data expressed as
comparisons among levels within factors were performed using the Duncan's method.
To characterize the temporal expression features of ANGPTL4 mRNA in the two breeds under study, the relative expressions in each and whole adipose tissue were also analyzed by fitting time-series models and conducted by Minitab 16 (Minitab Inc., State College, PA, USA). For clarifying the possible spatial expression features, Pearson correlation coefficients between expressions in seven depots were computed by using SPSS 17.0 software package.
RESULTS
Factors influencing ovine ANGPTL4 mRNA expression
ANOVA results showed that breed (p<0.001), month of age (p<0.001) and tissue (p<0.001) were the main effects influencing the ANGPTL4 mRNA expression (Table 2) . No significant effect was found for gender. Interaction between breed and month of age had highly significant (p<0.001) effect on the mRNA expression. Significant interactions (p<0.05) were also found for breedtissue and gendertissue (Table 2) . Table 3 gives the abundance of ANGPTL4 mRNA within the main factors. Abundance in GLT (4.566) was significantly higher than that in STH (1.753) suggesting that breed difference existed in the mRNA expression. Though there was no significant difference, slightly higher expression in females (3.229) than in males (3.077) was observed.
Differential mRNA expression within the main factors
The highest mRNA expression was in subcutaneous (4.209) and tail (4.003) fats and the lowest expression in mesenteric fat (1.156) with significant differences (p<0.05) from those found in other adipose tissues. Moderate mRNA expression was found in great (2.457) and small omental (3.217), retroperitoneal (3.576) and perirenal (3.499) fats. These results suggested that the ovine ANGPTL4 gene expressed more in shallow than in deep fat depots.
The mRNA expression increased with month of age and reached the maximum at 10 months (4.797), and then decreased slightly at 12 months. Abundance at 10 months was significantly different from those at other five age points, among which there was no significant difference.
Differential mRNA expression between the main factors
Besides the overall higher mRNA expressions in GLT than in STH, the expression trend in GLT was basically consistent with the general trend for main factor of months of age except slightly lower expression at eight months. However, higher mRNA expressions at 2 and 12 months were found in STH (Figrue 1A). The differences resulted in the significant interaction (p<0.001) between breed and month of age.
The significant interaction between gender and tissue (p<0.05) can be attributed to the higher mRNA expression in retroperitoneal and lower expressions in perirenal and tail fats in males than females ( Figure 1B) .
Due to the higher mRNA expression in retroperitoneal and lower expression in perirenal fats in STH than GLT ( Figure 1C ), significant breed by tissue interaction was observed. Figure 2 lists the observed and predicted relative expressions of ANGPTL4 mRNA in adipose tissues of Small Tailed Han sheep. In all the adipose tissues as a whole, the mRNA expressions from four to eight months of age were lower than that during ten to two months of age. As a result, the mRNA expressed as an inverted parabolic curve for both the observed and predicted (Figure 2A ). Similar quadratic curves were fitted to the expressions in small omental ( Figure 2C ), retroperitoneal ( Figure 2D ), mesenteric ( Figure 2F ) and tail fat ( Figure 2G ). Different from these expression patterns, an approximately linear decrease function for expression in great omental ( Figure  2B ) and linear increase functions in perirenal ( Figure 2E ) and subcutaneous fat ( Figure 2H ) were fitted. These results suggested that the mRNA expressed temporally and spatially in adipose tissues of STH in different manner, although the goodness of fit was not high. Figure 3 gives the observed and predicted relative expressions of ANGPTL4 mRNA in adipose tissues of Guangling Large Tailed sheep. As a whole, the mRNA expression increased from two month of age, reached the highest at 10 and then decreased rapidly at 12 month of age. Opposite to the trend in STH, the mRNA expressed as a parabolic curve for both the observed and predicted ( Figure  3A ). Similar linear increase functions were fitted to the expressions in great ( Figure 3B ) and small omental ( Figure  3C ), mesenteric ( Figure 3F ), and subcutaneous ( Figure 3H ) adipose tissues. Quadratic expressions were found in retroperitoneal ( Figure 3D ), perirenal ( Figure 3E ) and tail fat ( Figure 3G ). These results also revealed the tempospatial differences in mRNA expression in GLT.
The temporal expression features
Significant breed differences can be reflected by comparing Figure 2 with Figure 3 . Opposite expression trends between breeds were found in great omental (linear decrease in STH vs linear increase in GLT), retroperitoneal (inverted parabolic expression in STH vs parabolic expression in GLT) and tail fat (nonlinear increase in STH vs nonlinear decrease in GLT). Similar trends but in a different manner were found in small omental and mesenteric (nonlinear increase in STH vs linear increase in GLT), and perirenal (linear increase in STH vs nonlinear increase in GLT) adipose tissues. Though linear increase functions were fitted for expression in subcutaneous fat from both breeds, the observed expression increased in STH from 10 to 12 months of age, but decreased in GLT. Furthermore, no matter which tissue and what manner, ANGPTL4 mRNA expressed increasingly from 10 to 12 months of age in STH, but decreasingly in GLT. Table 4 presents the correlations among ANGPTL4 mRNA abundances in seven adipose tissues under study, aiming to examine the possible spatial expression associations. Generally, more strong positive correlations were found in GLT than that in STH. Specifically, in GLT, the expression in tail fat correlated with that in great omental (0.421), perirenal (0.469) and mesenteric (0.403) adipose tissues at highly significant level (p<0.01), respectively. Significant correlations were also found between expression in subcutaneous fat and that in great omental (0.520, p<0.01) and in retroperitoneal (0.395, p<0.05) fats. These results suggested that there seemed to be some kind of connection between the mRNA expressions in shallow and deep depots. Only one significant correlation was obtained between expressions in deep depots (0.438, between expressions in retroperitoneal and small omental adipose tissues). In STH, the mRNA expression in tail fat significantly correlated with that in small omental (0.437, p<0.01) and that in subcutaneous (0.310, p<0.05) adipose tissues, respectively. No significant correlation was found between deep depots for both breeds.
The spatial expression features
DISCUSSION
Expression of ANGPTL4 mRNA
Early studies on the mRNA expression of ANGPTL4 in both humans (Klopper et al., 2008) and rodents (Ge et al., 2005) suggested that the mRNA was highly expressed in adipose tissues and liver. In cattle, ANGPTL4 mRNA abundance was also found substantially higher in adipose than in other tissues (Mamedova et al., 2010) . For adipose tissue itself, the mRNA expression varied in different fat depots. In human, the ANGPTL4 expressed in visceral (omental) and had no expression in subcutaneous and breast (mammary) adipose tissues by immunohistochemical staining (Gentil et al., 2006) . In mice, Dutton and Trayhurn (2008) found that both the mRNA and protein expressed in five adipose tissues, with expression in subcutaneous nonsignificantly lower than that in epididymal and perirenal depots. In this study, we detected mRNA expression signals in all seven tested adipose tissues, with the highest in subcutaneous followed by tail fat and the least in mesenteric adipose tissue. Our results indicated that ovine ANGPTL4 expressed higher in shallow than in visceral adipose depots, which seems to be opposite to the results obtained in both humans and mice. This divergence may due to species difference, and more possibly to the directionally artificial selection for meat purpose in sheep. Breed difference exists in ovine ANGPTL4 mRNA expression with higher expression in GLT than in STH. GLT, one type of long fat-tailed breed, has high meat quality, strong ability of lipid accumulation and weak fertility. STH, one type of short fat-tailed breed, however, has high fertility with precocious trait but weak lipid accumulation (Yuan et al., 2012) . ANGPTL4 can cause accumulation of TG by inhibiting activity of LPL, and thus leads to strong ability of lipid accumulation in GLT. Our result was supported by the findings that ANGPTL4 expression in adipose tissue from obese pig breeds was significantly higher than that from lean pig breeds (Feng et al., 2006) .
Nutritional condition and seasonal temperatures can affect the expression of ANGPTL4 mRNA. In this study, ages at 2, 4, 6, 8, 10, and 12 months corresponds to Jan, Mar, May, Jul, Sep and Nov, respectively. Two flocks were raised indoors before weaning and during dry seasons in winter and spring seasons from Dec to May, and by grazing on pasture in grass seasons from Jun to Nov (Yuan et al., 2012) . The highest and lowest mRNA expressions in adipose tissues were detected in Sep and Jan, respectively. This differential expression depends on the supply of feed and accumulation of fat. When sufficient feed is supplied and animals have good body condition in grass seasons, especially for animals at 10 months of age, the mRNA expressed at higher levels than that in dry seasons. This result was supported by studies, e.g. in mice. Camenisch (2002) reported that the expression level of ANGPTL4 rose clearly when mice had high fat diet.
In view of the complex factors, especially the age effect may be confused by season effect in naturally managed sheep flock. Though time-series analysis was used intensively in gene expression studies, most for microarray gene expression data, the experimental subjects were wellcontrolled rather than natural, e.g. Wong et al. (2015) and Yang et al. (2012) . Moreover, model fitting considered the influence of time on the ANGPTL4 mRNA expression only, ignoring the influence of other factors on the gene expression. So the results by time-series analysis are not quite consistent with those obtained by qRT-PCR. This seems to suggest that time-series gene expression analysis is more suitable for the well-controlled experimental design.
More strong positive correlations between ANGPTL4 mRNA expressions in shallow and in deep adipose tissues were found in GLT than that in STH by spatial correlation analysis. These results further indicated the breed differences. However, why there was no significant association between deep depots for both breeds is difficult to understand and deserves further study.
CONCLUSION
Ontogenetic mRNA expression of ANGPTL4 in seven adipose tissues from two different sheep breeds was studied by quantitative real time PCR and analyzed by ANOVA and time series analysis. The ANGPTL4 mRNA expresses spatiotemporally and differentially in adipose tissues of both breeds. Breed, month of age and adipose tissues from different depots influence the mRNA expression significantly. The season effect on the mRNA expression can to a certain degree confuse the age effect for naturally managed sheep flocks.
